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Abstract. Temporal and spatial variations in the recruitment of Bankia martensi Stempell, 1899 (Teredenidae: Bival¬ 
via: Mollusca) were analysed in southern Chile. 

B. martensi is the only species of shipworm inhabiting Chilean waters and the cause of severe damage to wooden 
structures in the sea. Two experiments were carried out over a period of approximately 20 years, in Codihue (41°54'5; 
72°25'W) during 1979-1980 and Metri Bay (41°36'S; 72°42'W) during 2000-2001. Pine and oak panels were suspended 
at three depths and the density of recruits was determined based on the perforations or calcified cones produced when 
animals penetrate the wood. 

Recruitment patterns were similar during both series of experiments. Average recruitment density did not differ 
statistically, neither did the incidence of attacks on pine and oak panels. Similarly, no differences were registered between 
the occurrence of attacks on the upper or underside of the panels. Seasonal differences did occur with regard to the 
period of maximum recruitment, although in both locations recruitment was significantly lower in winter. No differences 
were registered at depths of over 3 m, and lower recruitment was registered on superficial panels only in Codihue. 

Results indicate continuous recruitment and low levels of temporal and spatial variability in spite of the different 
locations and periods when the data were collected. These patterns may be associated with the unpredictable presence 
of wood in the sea that is the specific substrate necessary for metamorphosis and adult development. B. martensi 
possesses reproductive characteristics that permit a constant supply of competent larvae, such as: reproduction throughout 
the year, early sexual maturity, alternative hermaphroditism and prolonged larval development, probably with teleplanic 
larvae. Low larval substrate selectivity also favours substrate colonization. 


INTRODUCTION 

There is only one species of wood-boring teredinid in 
Chile, Bankia martensi Stempell, 1899, which is the prin¬ 
cipal cause of attacks on wood in the sea (Stuardo et al., 
1970; Campos & Ramorino, 1990). Recruitment occurs 
throughout the year (Campos & Ramorino, 1990), al¬ 
though factors operating at different spatial and temporal 
scales can generate variations in recruitment intensity. 
Antecedents do exist with regard to seasonal variations 
(Stuardo et al., 1970) as well as differential attacks ac¬ 
cording to the particular physical characteristics of dif¬ 
ferent types of wood (Almuna et al., 1999). 

Teleplanic larvae, common among teredinids (Schel- 
tema, 1971), not only recruit on substrates at a distance 
from the breeders, but can also adjust their position in 
the water column in response to different environmental 
factors. In particular, reactions to light and depth are com¬ 
mon in competent larvae of bivalve molluscs (Jackson, 
1986). For this reason, the recruitment of B. martensi 
could vary seasonally according to the supply of larvae 
which is influenced by maturity periods and spawning 
factors, in addition to the degree of larval permanence 
and dispersion. It has been established that water circu¬ 


lation patterns (Varotto y Barreto, 1998) and the physical 
effect of water conditions on larval mobility (Gara et al., 
1997) can influence colonization in teredinids. Spatial 
variations in recruitment can be attributed to substrate 
characteristics and the position of larvae in the water col¬ 
umn (Turner, 1984; Baker & Mann, 2003). 

Recruitment of sessile or semi-sessile invertebrates can 
vary both spatially and temporally (Underwood & 
Keough, 2001), producing significant effects on popula¬ 
tions. Recruitment variations may determine the number 
of individuals that reach maturity, since they affect the 
survival (Bertness, 1989). Recruitment variations can also 
determine the reproductive potential and functional con¬ 
dition of individuals that reach maturity (Sutherland, 
1990). Evidence indicates that recruitment patterns ac¬ 
count for fluctuations in population size throughout the 
year and between years, as well as the age structure of 
open populations (Roughgarden et al., 1985). Neverthe¬ 
less, little is known about these aspects in terenids. 

This study aims to establish the recruitment patterns of 
the shipworm Bankia martensi by determining the effect 
of season, substrate location and type of wood in studies 
carried out during different periods and in different lo¬ 
cations. 





Page 106 


The Veliger, Vol. 48, No. 2 


MATERIALS and METHODS 

Experiments were undertaken in two locations in southern 
Chile, with an interval of around 20 years between study 
periods. Experiments were initially carried out between 
October 1979 and October 1980 in the inlet of Codihue 
(41°45'S; 73°25'W) and then replicated in Metri Bay 
(41°36'S; 72°42'W) between November 2000 and No¬ 
vember 2001. The sites are separated by a distance of 
21.15 km, direct route. Both sites are located in the north¬ 
ern border of the Ancud Golf; Metri to the east of Re- 
loncavi Bay and Codihue to the west. Oceanographic and 
climatic conditions are similar in both sites. Surface water 
temperature followed a clearly seasonal pattern in both 
locations, with average maximum tides of 7 m. Average 
monthly temperatures in Codihue ranged from 9.5°C to 
16.8°C and in Metri Bay from 9.9°C to 17.5°C. Salinity 
in Codihue varied between 3l%c and 35%c and in Metri 
Bay between 34%<? and 35 %c. 

Wood panels measuring approximately 20 X 10 X 5 
cm were suspended from long lines at three depths: su¬ 
perficial, between 0.5 and 1 m; middle, between 3 and 4 
m; and deep, between 6 and 8 m. Each group of 3 panels 
was placed at random, in triplicate. The panels were re¬ 
moved at monthly intervals and observed under a stereo¬ 
scopic microscope in order to determine the number and 
density of recruits, based on the perforations or calcified 
cones produced when animals bore into the wood (Turner 
& Johnson, 1971). 

Monthly registers for both locations and study periods 
were grouped seasonally, in order to establish temporal 
variability; spatial variability was determined by compar¬ 
ing recruitment at different depths on the upper and lower 
surface of each panel. Three-way variance analysis was 
used: season, depth and panel surface, following root 
transformation of data (Sokal & Rolph. 1969). The Tukey 
test was used for a posteriori analysis (Steel & Torrie, 

1985). 

Parallel to the above-mentioned experiments, degree of 
substrate selectivity was evaluated in both locations and 
study periods. For this purpose, panels of two types of 
wood were used: pine (Pinus radiata) and oak ( Notho- 
fagus sp.), and recruitment monitored over a two month 

Table 1 

Two-way ANOVA of the number of Bankia martensi re¬ 
cruits in Codihue 1979-1980 and Metri Bay, 2000-2001, & 

<*> 

according to depth. g 


Source of 
variation 

MS 

df 

F 

P 

Locality 

0.006 

1 

0.46 

0.49 

Depth 

0.026 

2 

1.98 

0.14 

Interaction 

0.017 

2 

1.28 

0.28 

Error 

0.013 

84 




period. The wood was selected according to antecedents 
presented by Almuna et al. (1999), establishing that pine 
is more susceptible to attacks by Bankia martensi than 
oak. Data were compared with a two way and single var¬ 
iance analysis following root transformation. Similarly, 
we established whether recruitment was at random, using 
X 2 according to Poisson. 

RESULTS 

Bankia martensi recruitment did not differ statistically ei¬ 
ther according to depth or between two closely located 
sites in southern Chile, where evaluations spanning a pe¬ 
riod of around 20 years were undertaken (Table 1); av¬ 
erage density of recruits in Codihue during 1980, was 
0.57 ± SE: 0.09 individuals-cm -2 and in Metri during 
2000, 0.69 ± SE: 0.07 individuals-cm -2 . 

Recruit density on pine and oak panels did not differ 
either in Codihue (F = 0.93; df = 1;42; P < 0.001 or 
Metri ( F = 0.78; df = 1;11; P > 0.001). 

Spatial distribution of recruits on pine and oak panels 
submerged in Metri Bay was at random, following the 
Poisson rule (x 2 = 14.38; df = 13; P > 0.05) 

B. martensi recruitment occurred throughout the year 
in both locations (Figure 1) and at all depths (Figure 2). 
Nevertheless, it was possible to differentiate periods of 
maximum recruitment. In Codihue (1980), highest levels 
were reached in spring/summer, with a drop in winter, 
when lowest recruitment levels were recorded (F = 
12.65: df = 3;29; P < 0.001). In Metri Bay, on the other 
hand, highest recruitment occurred during summer/au¬ 
tumn, with significant differences compared to the winter 
period (F = 14.5; df = 3;77; P < 0.001). 

Recruitment on the upper and lower surfaces of the 
panels did not vary, either in Codihue (F = 0.29; df = 
1;29; P = 0.10) or in Metri (F = 1.72; df = 1:77; P = 
0.19) (Figure 3). 
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Figure 1. Average seasonal density ± SE of Bankia martensi 
recruits in Codihue, 1979-1980 and Metri Bay, 2000-2001. 
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Figure 2. Average density ± SE of Bankia martensi recruits at Figure 3. Average density ± SE of Bankia martensi recruits on 

three depths, in Codihue, 1979-1980 and Metri Bay, 2000-2001. the upper and lower surface of panels, in Codihue, 1979-1980 

and Metri Bay. 2000-2001. 


DISCUSSION 

Recruitment experiments were carried out on Bankia 
martensi in two sites in southern Chile, located close by, 
separated by an interval of around 20 years; results re¬ 
vealed low temporal variability. Recruitment occurred 
throughout the year in both locations, as recorded by 
Campos & Ramorino (1990), in studies undertaken in the 
area of Valparaiso, approximately 1000 km further north; 
this suggests that species reproduction-type is continuous, 
with successive gametogenic cycles during the year, 
which would account for the low degree of synchroni¬ 
sation between individual specimens. 

Seasonal variations between study sites can produce 
local variations during periods of maximum recruitment. 
However, lowest recruitment levels always coincided 
with lower temperatures (winter). In studies carried out 
along the coast of Concepcion, 600 km north of the sites 
being studied, Stuardo et al. (1970) recorded attacks on 
wood from the end of winter to the beginning of spring, 
suggesting that spawning would occur in spring and at 
the beginning of autumn. On occasions, B. martensi re¬ 
cruitment could occur considerably later than the spawn¬ 
ing periods, since planktonic larvae may be highly dis¬ 
persed, as generally occurs with veligers of the Teredi- 
nidae family (Scheltema, 1971). Thus competent larvae 
could colonize areas at a distance from the parental pop¬ 
ulation. Furthermore, it has been established that recruit¬ 
ment and metamorphosis could be delayed in the absence 
of the substrate necessary for settlement (wood). Under 
laboratory conditions, pedivelifer larvae swam actively 
for more than 100 days after fertilisation when wood was 
not available and metamorphosised around 60 days after 
fertilisation in the presence of wood (Campos & Ramo¬ 
rino, 1990). Various morphological changes occur during 
metamorphosis; among others the disoconch develops ini¬ 
tially along the anterior margin of the shell, creating a 


denticulated external border which permits wood boring. 
If this does not occur, recruitment is not possible (Campos 
& Ramorino, 1990). 

In Bankia martensis , as with other species of ship- 
worm. a selective adjustment of reproductive processes 
can be expected in response to the availability of wood 
in the sea. Larvae only settle and grow on this particular 
type of substrate, whose temporal availability is estocas- 
tic. Thus, reproductive success should be substrate-de¬ 
pendent to a greater extent than in other species of sessile 
invertebrates. Reproductive processes should also tend to 
maximise colonisation of the substrate, both spatially and 
temporally. In the case of Bankia martensi, in addition to 
the capacity to recruit and grow on various types of wood, 
this is expressed in year-round recruitment and larval set¬ 
tlement with no significant spatial and temporal varia¬ 
tions. These characteristics are the result of reproductive 
factors, such as early sexual maturity, successive game¬ 
togenic cycles, development of teleplanic larvae and her¬ 
maphroditism with autofertility, not necessarily protan- 
dric (Turner, 1973; Spormann, 2004). 

Planktonic larvae of many species of bivalves can ad¬ 
just their position in the water column in response to dif¬ 
ferent factors, such as light, depth, temperature, salinity 
and current. This affects substrate colonisation (Jackson, 
1986). The combined effect of light and pressure can de¬ 
termine variations in substrates located at different 
depths. Other factors such as the relative quantity of sed¬ 
iments and organic film on the upper and underside of 
substrates, could also cause recruitment levels to vary 
(Keough & Raimondi, 1995; Gara et al., 1997). In Bankia 
martensi, the only variations detected between study sites 
related to quantity of recruits on superficial panels. No 
variations were detected at greater depths, or between the 
different surfaces of the panels, confirming a low level 
of spatial variability in recruitment. 
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In Bciiikici martensi the presence of mature specimens 
all year round has been verified, including smaller sizes. 
Similarly, hermaphroditism, although non-protandric, has 
been confirmed (Spormann, 2004). Studies of sexual 
phases revealed that all the teredinid species are protan- 
dric hermaphrodites (Nair, 1962; Turner, 1966; McKoy, 
1980; Hiroki et al., 1994). Hoagland (1978) has reported 
that due to the opportunist and sedentary nature of these 
species and the discontinuous availability of the substrate 
in the environment, they adopt protandry and minimise 
age of first reproduction, thus increasing reproductive po¬ 
tential. Nevertheless, non-protrandric hermaphroditism is 
even more favourable to an opportunist strategy. Repro¬ 
ductive maturity in females is reached early. Campos & 
Ramorino (1990) have reported specimens with a shell 
length of 2.5 mm emitting gametes; this size is reached 
on wood panels maintained for 2.5 months in the water. 

The larval development period in B. martensi plankton 
appears to be prolonged. Under laboratory conditions, 
wood boring starts 65 days after fertilization, and at 74 
days larvae have already bored into the wood (Campos 
& Ramorino, 1990). The length of the development pro¬ 
cess is similar to that of other species of this genus such 
as Bankia setacea (Townsley et al., 1966). Although data 
obtained under controlled conditions cannot be extrapo¬ 
lated to the natural environment, they do suggest a high 
capacity for larval dispersion. The length of the larval 
period and current velocity determine the distance be¬ 
tween recruits and parental population (Scheltema, 1971). 
The duration of the larval period has also been associated 
to population size (Jablonski, 1986) as well as to genetic 
continuity among populations (Scheltema, 1971). 

All these reproductive characteristics tend to maximise 
colonisation on unpredictable substrates (Tuente et al., 
2002), given that longevity depends on the size and per¬ 
ishable characteristics of the substrate where larvae re¬ 
cruit and grow. For this reason, difficulties have been en¬ 
countered in controlling attacks on wood. 

Efforts have been made to control shipworm wood at¬ 
tacks using chemical compounds that can operate at three 
levels: preventing larval settlement, increasing mortality 
prior to total settlement or provoking mortality after set¬ 
tlement (Giudice, 1999). Copper compounds and organ- 
ometalic compounds such as tributylium fluoride (TBTF), 
triphenytin fluoride (TPTF) and tributylton oxide (TBTO) 
have been used in antifouling paints (Giudice, 1999). 
However, antecedents indicate that they pollute the en¬ 
vironment, in particular the latter compounds (Huggett et 
al., 1992). The need to settle on a specific type of sub¬ 
strate would limit the selectivity of competent larvae with 
respect to other substrate characteristics, as a result of 
which attacks on a wide variety of wood are to be ex¬ 
pected. Although antecedents of differential attacks by 
teredinids do exist (Nair, 1962; Turner, 1984) including 
B. martensi (Stuardo et al., 1970; Almuna et al., 1999), 
it has been established that this species can attack all 


types of wood, although with greater intensity on soft as 
opposed to hard woods (Stuardo et al., 1970). Neverthe¬ 
less, a high degree of variability in attacks on panels of 
the same type of wood has been recorded (Stuardo et al., 
1970; Almuna et al., 1999), which indicates estocastic 
processes associated with a complex group of factors that 
determine physical contact between larvae and substrates. 
Results obtained in the present study indicate that fre¬ 
quency of attacks on pine is similar to that of attacks on 
oak and that recruitment was at random. 

Acknowledgments. The contributions of the Research Depart¬ 
ment of the Universidad de Los Lagos DIULA N° 3580 and of 
the Universidad de Valparaiso DIPUV N° 32-2300 are gratefully 
acknowledged. The support of the Master in Science Programme 
of the Universidad de Los Lagos is also much appreciated as is 
the collaboration of two anonymous referees for their valuable 
suggestions. Our thanks also to Jose M. Uribe for his work in 
the field and to Susan Angus for the translation of the manuscript. 

LITERATURE CITED 

Almuna, A., C. Carmona & C. Osorio. 1999. Xilofagos mari- 
nos. Chile Forestal 289:50-53. 

Baker, P. & R. Mann. 2003. Late stage bivalve larvae in well- 
mixed estuary are not inert particles. Estuaries 20(4A):837- 
845. 

Bertness, M. 1989. Intraspecific competition and facilitation in 
a northern acorn barnacle population. Ecology 78(1):257- 
268. 

Campos, B. & L. Ramorino. 1990. Larvas y postlarvas de Pho- 
ladacea de Chile (Mollusca: Bivalvia). Biologia Marina, Val¬ 
paraiso 25(1): 15-63. 

Gara, R., F. Greulich & K. Ripley. 1997. Shipworm {Bankia 
setacea) host selection habits at the Port of Everett, Wash¬ 
ington. Estuaries 20(2):441-449. 

Giudice, C. A. 1999. Bioactivity of antifouling paints. Pp. 329- 
357 in M. F. Thompson & R. Nagabhushanan (eds.). Bar¬ 
nacles. The Biofoulers. Regency Publication: N. Dehli. 406 

pp. 

Hiroki, K., M. Leonel & S. Lopes. 1994. Reproductive events 
of Nausitora fusticula (Jeffreys, 1860) (Mollusca, Bivalvia, 
Teredinidae). Invertebrate Reproductive and Development 
26(3):247-250. 

Hoagland, E. K. 1978. Protandry and the evolution of environ- 
metally mediated sex change: a study of the Mollusca. Ma- 
lacologia 17:365-361. 

Huggett, R. J., M. A. Unger, P. F. Seligman & A. O. Valkers. 
1992. Marine biocide tributyltur: assessing and managing 
the environmental risks. Environmental Science Technology 
26(29):232-237. 

Jablonski, D. 1986. Larval ecology and macroevolution in ma¬ 
rine invertebrate. Bulletin of Marine Science 39(2):565-587. 
Jackson, G. A. 1986. Interaction of physical and biological pro¬ 
cesses in the settlement of planktonic larvae. Bulletin of 
Marine Science 39(2):202-212. 

Keough, M. & P. Raimondi. 1995. Responses of setting inver¬ 
tebrate larvae to bio-organic films: effects of different types 
of films. Journal of Experimental Marine Biology and Ecol¬ 
ogy 185(2):235-253. 

McKoy, J. 1980. Sexual phases in Bankia neztalia (Bivalvia: 
Teredinidae) from Wellington Harbour. New Zealand Journal 
of Marine & Freshwater Research 14(3):277-282. 




L. A. Sporman et al., 2005 


Page 109 


Nair, N. 1962. Ecology of marine fouling and wood boring or¬ 
ganisms of western Norway. Sarsia 8:1-188. 

Roughgarden, J., Y. Iwasa & Ch. Baxter. 1985. Theory of 
population processes for marine organism. I. Demographic 
of an open marine population with space-limited recruit¬ 
ment. Ecology 66:54-67. 

Scheltema, R. 1971. Dispersal of phytoplanktotrophic shipworm 
larvae (Bivalvia: Teredinidae) over long distances by ocean 
currents. Marine Biology 11 (1 ):5—11- 

Sokal, P. & J. Rohlf. 1969. Biometry. W. H. Freeman: San 
Francisco. 75 pp. 

Sporman, L. 2004. Estrategias reproductivas en el molusco per- 
forador de madera, Bcmkia martensi Stempell 1899. Master 
of Science Thesis, Universidad de Los Lagos: Osorno, Chile. 

80 pp. 

Steel, R. & J. Torrie. 1985. Bioestadistica. Principios y Pro- 
cedimientos. McGraw Hill: Colombia. 622 pp. 

Stuardo, J., H. Saelzer & R. Rosende. 1970. Sobre el ataque 
de Bankia (Bankia) martensi Stempell (Mollusca: Bivalvia) 
a maderas chilenas no tratadas. Boletin de la Sociedad de 
Biologia de Concepcion. XLII: 153-166. 

Sutherland, J. 1990. Recruitment regulates demographic vari¬ 
ation in a tropical intertidal barnacle. Ecology 71(3):955- 
972. 

Townsley, P. M., R. Richy & P Trussell. 1966. The laboratory 
rearing of the shipworm, Bankia setacea (Tryon). Proceed¬ 
ings of the National Shellfisheries Association 56:49-52. 


Tuente, V., D. Piepenburg & M. Splinder. 2002. Occurrence 
and settlement of the common shipworm Teredo navalis (Bi¬ 
valvia: Teredinidae) in Bremerhaven harbours, northern Ger¬ 
many. Helgoland Marine Research 56(2):87-94. 

Turner, R. 1966. A Survey and Illustrated Catalogue of the Ter¬ 
edinidae. Cambridge Museum of Comparative Zoology. 
Harvard University: Cambridge. 265 pp. 

Turner, R. 1973. Wood-boring bivalves, opportunistic species in 
the deep sea. Science 180:1377-1379. 

Turner, R. 1984. An overview of research on marine borers: 
past, progress and future direction. Pp. 3-16 in J. D. Costlow 
& R. C. Tipper (eds.), Marine Biodeterioration. United 
States Manual Institute: Annapolis. 384 pp. 

Turner, R. D. & A. Johnson. 1971. Biology of marine wood¬ 
boring molluscs. Pp. 259-301 in: E. B. Jones & S. K. El- 
tringham (eds.). Marine Borers, Fungi and Fouling Organ¬ 
isms of Wood. Vol. 13. Organization for Economic Coop¬ 
eration and Development: Paris. 

Underwood, A. & M. Keough. 2001. Supply-side ecology: the 
nature and consequences of variations in recruitment of in¬ 
tertidal animals. Pp. 183-200 in M. Bertness, S. Gaines & 
M. Hay (eds.), Marine Community Ecology. Sinauer Asso¬ 
ciates, Inc: Sunderland. 

Varotto, R. & C. Barreto. 1998. Colonization of artificial sub¬ 
strata by teredinid larvae released from a previously infested 
focus at lhla Grande Bay. Brazilian Archives of Biology and 
Technology 41(4):391-399. 



